Solenoid valve is the key component to determine the performance of electronic fuel injection system for the diesel engine. By theoretically analyzing the characteristics of solenoid valve driver, we found out that one of the factors that affect the closing and opening speed of solenoid valve is drive current. In this paper, GT-Flow software is used to simulate and analyze the drive current, and come to the optimal combination of current. The selected drive current is used to analyze the emission performance of 16V265H diesel engine, to determine the best advance angle for fuel supply, and to compare the simulation results with the experimental values.
Introduction
The core and the key of diesel electronic control technology is electronic control fuel injection technology, and the application of electronic control technology plays a significant role to improve the overall performance of diesel engine. There are a variety of structure patterns for electronic control fuel injection system, among which time controlled fuel injection system is relatively rapidly developed. High-pressure fuel injection is controlled through the closing and opening of the solenoid valve in the injection system. Solenoid valve is the key component to determine the performance of diesel electronic control fuel injection. It is the actuator for the electronic control fuel injection system,, whose function is to control the injection of the system. The performance of solenoid valve directly affects the performance of fuel injection systems, so it is necessary to study and analyze the characteristics of solenoid valve.
In order to adapt to the enhanced energy efficiency and emissions requirements, China Dalian Locomotive and Rolling Stock Co., Ltd. and U.S. EMD Corporation jointly developed a "HXN" 3 diesel locomotive in July 2008, which is equipped with electronic unit pump fuel injection system.
Engine simulation software is used to simulate the performance of solenoid valve and locomotive diesel engine in this paper. Fig. 1 shows the solenoid valve of electronic control fuel injection system. Electromagnetic force of solenoid valve can be simplified as the Maxwell formula:
In the formula, i : coil current,A; N : number of coil; A : electromagnet effect area, m 2 ; 0 µ :air magnet conduction rate, H/m; δ : clearance between anchor and pin,m. It can be seen that, when the structural parameter of the solenoid stay unchanged, if the current changes rapidly to a higher value, it can help to gain a larger force. The greater the changing rate of coil current is, the shorter the time for current value to reach a certain degree is, the shorter the time for electromagnet to provide a greater electromagnetic force is. Meanwhile, the higher the coil current increases, the greater the electromagnetic force is, the shorter the time for solenoid valve to close and the longer time for it to open.
The main factors to impact the response characteristics of solenoid valve is drive current, the pretension of solenoid valve spring, quality of pin, solenoid valve lift, etc. This paper probes into it by changing drive current of solenoid valve without changing the pretension of solenoid valve spring and other factors.
Usually in the movement phase of the solenoid valve, driver module provides a certain high-constant voltage to coil circuit. During this period, the current gradually reached the maximum and magnetic flux density and the force increases to make pin move to the maximum. When the solenoid valve closes into the holding stage, driver module provides a low-constant voltage to coil circuit, and the current value is reduced to a degree where the pin and the inner sleeve are kept in a closed state. We call the maximum current Is as the starting current, and maintaining current as Ia. The response speed of solenoid valve in diesel engine fuel system is demanding, which must be completed within a few milliseconds, even less than 1ms [1] .The ideal drive current curve of solenoid valve is shown in Fig. 2 . 
Simulation Analysis on Solenoid Valve Performance Parameters
Through this theoretical analysis, the drive current of solenoid valve has a significant correlation with the opening and closing of valve. According to the entity mapping Figure1, engine simulation software GT-Flow is used to build and simulate the solenoid valve ( Fig. 3 ).
For China's introduction of electronic control diesel engine fuel injection system, the parameters of fuel system are kept confidential to us. Through access to the relevant information, it can be generally known that the maintaining current of solenoid valve is 8-10A [4] , while the starting current of solenoid valve can reach scores of Amperes In this paper we select the starting current and maintaining current value of solenoid valve as shown in Table 1 . By selecting maintaining current 15A and changing the starting current value, we can get the curve as Fig. 4 . By select the starting current 28A and changing the maintaining current value, we can get the curve as Figure 5 . In the Fig. 4 , Current-28-15 means that the maintaining current is 15A, starting current 28A. We get other results by following this indicated method. It can be learned from Fig. 4 that with the maintaining current unchanged, the opening response time of solenoid valve is certain. With the increasing of starting current, the closure of response time of solenoid valve is shortened accordingly. The starting current is 20A and the closure of response time is 1.4ms; when the starting current is 28A, the closure of response time is 0.6ms.
As shown in Fig. 5 , with the starting current unchanged, the closing response time of solenoid valve is certain. With the increasing of maintaining current, the opening response time of solenoid
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Materials, Mechatronics and Automation valve becomes longer. The maintaining current is 10A, and the opening response time is 0.4ms; when the maintain current increases to 20A, the opening response time is 1.4ms.
The key of solenoid valve lies in its response characteristics. Drive current is one of factors affecting the response. In selecting the drive current of solenoid valve, the starting current of solenoid valve is restricted by structural parameters such as its number of coil turns and the diameter. The larger the drive current is, the larger the power consumption of the system increases, wherefore the drive current selected should not be too high. Under the rated speed, 1.4ms opening time corresponds to the crank angle 8.4°. The response time is quite long and is not conducive to control high-speed with a small volume of fuel. Thus, the starting current 28A, and the maintaining current 10A is selected as the drive current to ensure the rapid closing and opening of solenoid valve.
Effects of Solenoid Valve Parameters on Emissions
The application of solenoid valve is critical to reduce emissions of locomotive diesel engine. With the increasing requirements of locomotive diesel engine emissions, it is necessary to research the factors of fuel systems that affect the emission.
For the electronic unit pump systems, the advance angle for fuel supply means the start time of solenoid valve driven pulse, the crank angle is shaped between crankcase and the location of TDC [1] . Using the above definition,we select the advance angle for fuel supply at -20, -18, -16°CA (BTDC) and get drive current curve (Fig. 6 ). By selecting different advance angles for fuel supply and analyzing the emissions performance, we determine the optimum advance angle for fuel supply.
GT-Flow software is used to build a single-cylinder simulation model of 16V265H diesel engine under the rated speed (Fig. 7) . The basic parameters of the engine are as shown in Table 2 . As shown in Fig. 8,9 , with the fuel supply in advance, the NOx emission is increasing, while PM emission is declining. This is due the increasing advance angle of fuel supply, where the maximum temperature in the combustion chamber of diesel engine reaches higher and the burning gas remains longer under high temperature, resulting in more NOx emission. With the fuel supply in advance, fuel and air will be better mixed, and more carbon will be oxidized into CO 2 , so the PM emission is reduced. For diesel engine, the PM emission is always larger. It can be learned from the chart, the level of Nox emission is low, which meets the requirements of China's introducing low-emission locomotive. From the figure we can learn that the emission of Nox and soot emission is restraining from each other. If one reduces, the other will increase. They have a hyperbolic relationship. By selecting supply advance angle as -18°CA, we can obtain drive current curve under the fuel supply advance angle (Fig. 10 ). Fig. 11 shows the cylinder pressure curve for the machine model under the fuel supply advance angle of -18°CA. It can be seen from the graph, simulation of maximum cylinder pressure is 16.1Mpa, while the experimental maximum cylinder pressure is 16.7Mpa. We know that the factor to determine the maximum cylinder combustion pressure is the fuel supply advance angle. With the same fuel supply advance angle, the maximum cylinder pressure value corresponding to the crank angle has a delay because the process of GT-Flow simulation carried out on the fluid dynamics were simplified to one-dimensional, volume of the cavity is concentrated, and the instant pressure and density everywhere are the same. Simulation value matches well with the experimental value, which indicates that the parameters of solenoid valve and the fuel supply advance angle selected are relatively reasonable. 
Conclusion
China Railway has enhanced its requirements on High-speed and loading and on diesel emission. The adoption of electronic control injection system is effective in reducing emission. Research on the introduction of electronic control injection system could help to further digest oversea advanced technology. Based on this paper, we come to some conclusions as follows:
(1) A hollow pin of solenoid valve is used in this paper, whose outstanding role is to reduce the quality of the pin. It effectively reduces the closing and opening response time for the solenoid valve. (2) The starting current 28A, and maintaining current 10A of solenoid valve are selected, closing and opening response time of the solenoid valve are 0.6ms, and 0.4ms, which can meet the closing and opening fast response characteristics of the solenoid valve. (3) Simulation analysis on diesel engine emission through the response characteristics of drive current for solenoid valve is performed, where the fuel supply advance angle of this diesel is -18°CA. It is important for performance study and analysis of the diesel engine. (4) The fuel supply advance angle in conclusion2 is used to simulate the cylinder combustion pressure. Compared with the experimental values, the simulation results match very well with the experimental ones. It indicates that the selection of solenoid valve parameters is relatively reasonable. (5) In this paper, GT simulation software is used to build the simulation model of electronic control locomotive diesel. The accuracy of the model is verified through tests. This indicates that simulation software is able to accurately simulate the actual process during the modern diesel engine design. This can provide the correct guidance for the design, save test charges and design modification fees, improve the design quality, and greatly accelerate the design progress.
